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Famous X-Rays

#20 in 2010 – Ramakrishnan, Steitz, Ada Yonath*



Why X-Rays?



April 15, 2009 First Lasing! 



The First X-Ray Laser:

Linac Coherent Light Source at SLAC
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Undulator Hall: Where the X-Rays are Produced



Single-pulse Diffraction Pattern of a Photosystem I Nanocrystal

600 nm crystal in water jet

Photon energy: 1.8 keV

Pulse duration:  80 fs

Spokesperson: 

Henry Chapman, DESY

Collaboration with Arizona State University, 

Max Planck Institut, SLAC, LLNL, Uppsala University



Single-pulse diffraction pattern of a single mimivirus particle

RECONSTRUCTED 

WAVE FRONT:

WORK IN PROGRESS

Single virus injected into beam

Photon energy: 1.8 keV

Pulse duration:  70 fs

Spokesperson: 

Janos Hajdu, Uppsala University  

Collaboration with DESY, CNRS Marseille, SLAC, 

LLNL, Max Planck, Arizona State University 

WORK IN PROGRESS

Tomas Ekeberg

and Filipe Maia

(Uppsala)
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- Storage Rings 

- Energy Recovery Linacs (ERLs) 

- Free Electron Lasers (FELs)

Basic Types of X-Ray Facilities

- Free Electron Lasers (FELs)

- High-Harmonic Generation (HHG)



Concept of Synchrotron Storage Ring

Schematics of a

synchrotron lab



Concept of an Energy Recovery Linac

from CHESS website



Concept of a Free Electron X-Ray Laser

• Replace storage ring by a linear accelerator
allows compression of electron bunch – use once then throw away 

• Send electron bunch through a very long undulator

very short 

bunch length

micrometers

photons from back of 

bunch create order in 

bunch 

ordered electrons

enhance photon

cloning

cloned photons

completely in tune,

billion times higher

intensity 



Light Sources around the Wolrd





Number of Photons

s 

Photons, Brightness, Flux, Intensity, Power, etc

mm2 mrad2 0.1% bandwidth



Real-Time Catalysis and Surface Chemistry



Novel Materials by Design and Materials Behavior 

under Extreme Conditions



Novel Materials by Design and Materials Behavior 

under Extreme Conditions



Movies of Folding Proteins



Understanding Light-Induced Catalysis

—Learning from Nature



LCLS-II proposal submitted to DOE

SLAC-R-946



Schematic Overview of Undulators

and Photon Beamlines for LCLS-II 



The future

ain’t what it used to be

THANK YOU

is

ain’t what it used to be

Yogi Berra, 1947


